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0 Multl-mode differential fluid displacement pump. 



@ A multi-mode, differential fluid displacement 
pump (10) provides for at least two different mea- 
sured doses. The pump has a cliamber in which are 
mounted a first diameter piston (21) and a second 
diameter piston (24) defining first and second vol- 
umes for reciprocation in the chamber. Means are 
provided for reciprocating the pistons as desired to 
obtain predetermined volume changes correspond- 
ing to movement of either or both of the first and 
second pistons (21. 24). A system of operation and a 
^mixing chamber (100) useful in connection with dos- 
^ages from the pump (10) are interconnected with the 
pump. 
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MULTi-MOOE DIFFERENTIAL FLUID DISPLACEMENT PUMP 



BACKGROUND OF THE INVENTiON 



It is often necessary in medical and process 
instrumentation to provide a small quantity of sam- 
ple which is to be diluted with a larger quantity of 
reagent Measuring an accurate dosage of the two 
different quantities provides some difficulty. 

In some applications, two fluid displacement 
pumps or syringe pumps have been used to ac- 
curately meter small quantities of sample and larg- 
er quantities of reagent. In order to obtain very 
precise measurements, it is preferred not to use a 
syringe or displacement pump which to meter less 
than 10% of the volume of the syringe. So in 
applications where 10 microliters of samples has to 
be diluted with for example 500 microliters of 
reagent, two syringes or displacement pumps are 
needed such as a 100 microliter pump for sample 
and a 1000 microliter pump for reagent This leads 
to duplication of parts and increased expense. 
Overall size can be larger than would necessary 
with the single unit 



SUMMARY OF THE INVENTION 



It is an object of this invention to provide a 
multi-mode, differential fluid displacement pump 
which provides high resolution for both small and 
large sample volumes in a single pump. 

Still another object of this invention is to pro- 
vide a mixing chamber having good mixing prop- 
erties and being easily cleanable and which can be 
useful in connection with the pump of the preced- 
ing object 

Still another object of this invention is to pro- 
vide a means and method for providing for precise 
measurements of first and second volumes of ma- 
terial in a single mixing area. 

Still another object of this invention is to pro- 
vide a displacement pump in accordance with the 
preceding objecte wherein light-weight, relatively 
inexpensive constructions can be used with long 
lasting seals and low maintenance costs in a me- 
tering and measuring environment 

According to the invention, a multi-mode, dif- 
ferential displacement pump for obtaining at least 
two different measured doses with high resolution, 
has a first elongated chamber carrying first and 
second pistons therein. The first piston defines a 
first volume and is reciprocally mounted in tiie 
chamber. The second piston defines a second vol- 
ume and is reciprocally mounted in the chamber. 



Means are provided for reciprocating the pistons as 
desired to obtain predetermined volume changes 
corresponding to movement of eitiier or both of 
said first and second pistons whereby said volume 
5 changes can provide for said two different doses. 

In the preferred embodiment, the pistons are 
axially elongated and are mounted for axial move- 
ment together or separately. Most preferably, one 
piston axially aligned with a second piston, is ae- 
ro tivated to move both pistons as one to provide a 
first measured dose whereupon movement of the 
one piston can stop while movement of the second 
piston continues to provide a second measured 
dose. 

76 Supplementary valving and sampling probes 

can be attached to the pump to provide for a wide 
variety of usage in metering and mixing applica- 
tions. 

A single mixing chamber can be used with the 
20 pump to allow a vortex to mix the two doses. The 
use of the mixing chamber also allows cleaning of 
the outside of a sample carrying probe, before 
dilution of a sample carried in the probe, with 
diluent fluid in tiie mixing chamber. 
25 This invention provides tiie ability to obtain 

high resolutions for both small and large sample 
volumes from a single pump. Preferably, tiie pump 
can be minimized in size. A single motor can be 
used with light-weight inexpensive construction and 
00 operation possible. Long lasting seals witii lower 
maintenance can be employed. The pumps provide 
for variable resolution by change of components. 
Automatic priming and bubble removing are addi- 
tional features of the invention. 



3S 



BRIEF DESCRIPTION OF THE DRAWINGS 



40 The above and other objects, features and ad- 
vantages of the present invention will be better 
understood from tiie reading of the following speci- 
fication in conjunction witii tiie drawings In which: 

FIG. 1 is a front view of a prefen-ed embodi- 
45 ment of the multi-mode differential displacement 
pump in accordance with this invention: 

FIG. 1 A is a side sectional view thereof taken 
through line A-A. 

FIG- 2 is a semi-diagrammatic, cross-sec- 
50 tional view thereof at the start of a sampling cycle; 

FIG. 3 is a semi-diagrammatic, cross-sec- 
tional view thereof at the end of a sampling cycle; 

RG. 4 is a semi-diagrammatic, cross-sec- 
tional view thereof at the start of a diluent metering 
cycle; and 
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RG- 5 is a semi-diagrammatic, cross-sec- 
tional view at the end of a diluent metering cycle; 

FIG. 6 is a semi-diagrammatic, diagram 
showing a system for using tlie multi-mode dif- 
ferential displacement pump of tiie present inven- 
tion in connection with a mixing chamber for a 
sample to be mixed witfi a buffer in a laboratory 
measuring instrument 

FIGS. 7 and 7A are a semi-diagrammatic 
showing of side and top views respectively of a 
preferred vortex mixing chanber and associated 
sampling probe useful in connection with this in- 
vention. 

BRIEF DESCRIPTION OF PREFERRED EMBOOl- 
MENTS 



The multi-mode differential displacement pump 
of tiiis invention is shown at 10 in FIG, 1 and 
comprises a pump measuring section 12 connect- 
ed to a stepper motor 1 1 through a lead screw and 
adjusting or dosing section 1 3: 

The pump measuring section 12 preferably 
comprises a block 15 defining a fluid-holding cylin- 
drical chamber 16 having ports 17 and 18 for 
ingress and egress of fluids. A third port 17A can 
be provided for evacuation of air bubbles or otirier 
purposes if desired, although it is closed in the 
specific system described below. The chamber 16 
is sealed by a stationary static seal 19 at one end 
and a secondary stationary static seal 20 at a 
second end spaced above the first end. A tirst solid 
piston or plunger 21 hiaving a first diameter is 
reciprocally mounted within the chamber 16 and 
has an end 22 and butting end in contact with an 
end 23 of a second -diameter solid piston or plung- 
er 24 at the start of a reagent cycle. The pistons 21 
and 24 are sealed when immobile or sliding by the 
stationary seals 19 and 20 respectively which also 
seal the chamber 16 at edge of the seals. Thus, 
seals 19 and 20 are double acting, reciprocating 
seals. 

Piston 24 is spring tensloned to its lower most 
position by spring 25 acting against end plate 26. 
The piston 24 is mounted in a linear bearing 27 
and has a stop pin 28 which fimits downward travel 
constantiy urged by tiie spring 25. Thus, piston 24 
which is preferably coaxially aligned with piston 21 
can reciprocate in an updown direction as shown in 
FIG. 2 and is constantly urged downwardly but can 
be moved upwardly by presure acting upwardly 
tiirough piston 21 . 

As can be seen from FIG. 2. larger diameter 
piston 21 can move by itself or when it abutts end 
23. and is moving upwardly or downwardly, it will 
move along with the small diameter piston 24. It 



should be noted that as tine pistons move within ttie 
chamber 16, the volume within the chamber 16 
changes in accordance witii the volume of each 
piston moving into and out of the chamber or in the 
5 case where piston 24 js in its lower most position, 
chamber 16 changes by tiie volume of piston 21 as 
it moves alone. 

The measuring section 12 is mounted on a 
frame formed by fixed plates 30. 30A. 33A and 338 
?o which in turn mount a reciprocally moveable on a 
second plate 31 which reciprocates on guide rods 
33 and screw 34A. A screw anrangement 34 having 
shaft 34A is provided with an anti-backlash nut 35 
to vary the distance between plates 30 and 31 as 
75 desired so as to vary and/or limit the movement of 
the pistons wittiin the chamber and thus determine 
the volumemetric output from the chamber In one 
method of adjustment. Piston 21 is fixed on plate 
31 by bolt arrangement 31 A and moves tiierewith. 
20 A sliding bearing 61 for rod 33 and mounting 
means for frame members 60. and assembly 34A 
and 35 are provided. This structure is conventional 
and is available from KERK Motion. Products, Inc.. 
New Hampshire, as part No. KHD6050. 
25 Screw shaft 34A is rotated, to move plate 31 . 

through use of pulleys 37. 38 and drive belt 39 
when the stepper motor 11 is activated. Any con- 
ventional linkage from the single electric motor 1 1 
to the piston 21 can t)e used as desired. 
30 The preferred embodiment of this invention, 

piston 24 has a lengtii of 0.68 inch when fully 
extended in its lower most position into the cham- 
ber 16 and a diameter of 0.250 inch, chamber 16 
has a diameter of 0.265 inch and a length of 2.150 
35. inch. Piston 21 has a diameter of 0.2560 inch and a 
maximum length of travel within the chamber 16 of 
1.6 inch. The . volume of _ tiie chamber is 1|C0. 
microliters. The stepper motor is 1 .8 * /step rhotor. 
While specifics have been shown and de- 
40 scribed, it Is obvious that all of the dimensions can 
vary greatiy as can all the values given. The spe- 
cific linkage and adjustment mechanism can vary. 
An important feature of the invention is the two 
diameter pistons witiiin a chamber to provide dif- 
45 ferent volumes upon activation preferably by a sin- 
gle drive means. In some cases the drive can be 
manual. 

Preferably the pump is operated with a con- 
stantiy full chamber 15 of a liquid so tiiat displace- 
so ment of the liquid by tine moving pistons in a 
predetermined volume can cause picking up. or 
discharging of a predetermined volume of the 
same liquid as in ttie pump or of another liquid in 
anotiier part a constantly tilled system with .which 
55 tiie pump is used. FIGS. 2-5 show different posi- 
tions of the pistons in various steps in a fluid 
sampling cycle in one embodiment of the inven- 
tion. 
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Turning now to RG. 6. the displacement pump 
10 as shown is a system for mixing doses of fluid 
within a mixing chamber 100. The system is con- 
nected with an outlet from the dilution block to a 
first reactor and from it to a sensor or second 
reactor, a peristaltic pump and a waste area. A 
liquid sample and a liquid diluent such as a buffer 
can be mixed together in chamber 100. In the 
preferred embodiment the buffer can be Tris buff- 
er and the sample can be humm serum or plasma 
for testing as in a glucose testing apparatus. 

In the system shown in FIG. 6. two pinch 
valves 110, 111 are interconnected through tubes 
112. 113 with ports 17 and 18. tubing 114, 115, 
preheater 116 and tubing 117 to the mixing cham- 
ber 100. The pump 10 is also connected through 
the valves 110, 111 as shown to a buffer bottle 120 
through tubing 121 and to a sample probe 130 
through tubing 131. The probe is mounted on a 
probe arm 132 capable of moving the probe from 
the dotted outline position to the full outline posi- 
tion as shown in FIG. 6. A sample vial 133 is 
provided in one position of the arm of the probe. 
The valves 110 and 111 act in conjunction with the 
pump to detennine fluid flow within the system for 
measuring a mixing diluent (buffer) and sample 
(plasma) to form a dose. Doses of diluent and 
sample are delivered to the mixing chamber 100 
from where the required mixed dosage can be 
provided to a testing apparatus indicated generally 
at 150. 

In a first step of a typical operation of the 
system of FIG. 6 to dose, and mix a sample with a 
diluent such as a Tris buffer, the pistons are in tiie 
position shows in FIG. 2, and a tubular segment of 
air Is picked up into the tubular sample probe 130. 
The air bubble formed is used so that when the 
sample is ultimately picked up by the probe it will 
not get diluted in the sample cup and it also 
prevents dispersion of the sample into other fluids. 
Three microlitres of air can be picked up and this 
is accomplished by having the components of RG. 
6 in the solid line position without the sample cup, 
or in any intermediate position exposed to air. The 
probe tip can be immersed in a sample which can 
be blood, urine, plasma, serum or the like for 
example. With the pump pistons 21. 24 moving 
down, t30th pistons 21 and 24 are contact and a 
very small downward movement of the pistons 
occurs as for example 0.075 inch to obtain 3 micro- 
liters of air in the probe. In this step, valve 110 is 
on and valve 111 is off. thus, port 200 is open to 
flow (open), port 201 Is closed to flow (closed), port 
202 is closed to flow and port 203 is open allowing 
an air slug to come from the probe tip through 
tubes 131. 114 and 113. Buffer fluid moves in- 
wardly towards the pump port 17. After 3 micro- 
liters of air are picked up to separate the diluent 



from the sample, in a second step the probe is 
immersed in a sample cup as shown in FIG. 6 and 
both plungers continue downward movement caus- 
ing a change in chamber 16 volume of 10 mlcro- 
5 liters to in turn cause 10 microliters of sample to 
be picked up on the sample probe. In the second 
step, valves 110. Ill remain in the same position 
as discussed with respect to step 1. with the ele- 
ments of the pump In the position shown in FIG. 2. 
70 In a third step, the position of all components 
remains the same and another slug of air (4 micro- 
liters) is drawn into the probe with the sample cup 
withdrawn so that if the probe is wiped to clean it a 
cloth wipe will not wick out the sample. This air 
75 gap also protects the sample when the outside of 
the probe is rinsed in the mixing chamber 100. All 
three of these steps are done with both plungers in 
contact and moving downwardly, valve 111 in the 
off position and 110 in the on position as described 
20 above. Steps 1, 2 and 3 are carried out with both 
pistons in contact and moving. The pistons are in 
the position shown in FIG. 3. 

It step four, the pistons are in position shown in 
FIG. 4 Tris buffer is brought from the buffer bottle 
25 120 into the pump in an amount of for example 650 
microliters to fill the chamber 16 with diluent The 
probe is moved to the dotted outline position of 
FIG. 6 and positioned in the mixing chamber where 
the outside of the probe is washed by buffer which 
30 has been left in the mixing chamber from the 
previous sample. A peristaltic pump (not shown) 
can be used to drain the fluid from th^ mixing 
chamber after this step. In this step, valves 110 
and 111 are off. i.e., port 200 is closed. 201 is 
35 open allowing flow. 202 is closed and port 203 is 
open allowing flow. 

The sample is now in the probe, the mixing 
chamber is empty and the pump is filled with 
buffer. At the end of step 4 the pistons are in the 
40 position shown in FIG. 4. In a fifth step. 150 micro- 
liters of buffer are put into the side port 151 of the 
mixing chamber by opening valve 110 as well as 
1 1 1 with the probe tip below the fluid level and with 
only the larger diameter plunger moving. Port 200 
45 is open, 201 closed, 202 open and 203 closed. 

In a sixth step, valve 110 is open, valve ill is 
closed with ports 200 open, port 201 closed, port 
202 closed and port 203 open allowing flow of 10 
microliters of sample followed by 40 microliters of 
50 buffer acting as a diluent to wash out the sample. 
This is accomplished by moving piston 21 upwar- 
dly. 

In a seventh step, 450 microliters of buffer is 
put in the mixing chamber from port 151 at high 
55 velocity to cause vortex mixing and give a diluted 
sample. Valve 110 is open, valve 111 Is also open 
with port 200 open, port 201 closed, port 202 open 
and port 203 closed to flow. The pistons are now in 
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the positiops shown in FIG. 5. 

In an eighth step, the sample is moved into the 
reactor area by peristaltic pump action and the 
displacement pump 10 is loaded with buffer for 
cleaning the mixing chamber and probe. In this 
step, valves 110 and 111 are both off, i.e.. port 200 
is closed, port 201 is open allowing flow, port 202 
is closed, port 203 is open allowing flow and flow 
occurs from the buffer bottle to the displacement 
pump port 18. 

In a ninth step, analysis is canried out, data 
displayed and the mixing chamber can be emptied 
by the peristaltic pump. 

In a tenth step, valve 110 is opened as is valve 
1 1 1 thus port 200 is open allowing flow, port 201 is 
closed, port 202 is open allowing flow and port 203 
is closed. Row occurs through tubing 114. 115 to 
the mixing chamber to clean the chamber by push- 
ing fluid from the pump to the chamber as for 
•example 700 microliters of buffer is added to the 
mixing chamber 100. 

In step eleven, the probe is back into the 
mixing chamber and 60 microliters are flushed 
through it to clean it In this embodiment valve 110 
is opened and valve 111 is closed, i.e., ports 200 is 
closed allowing flow, port 201 is open, port 202 is 
closed and port 203 is open allowing flow. The 
sample probe is within the mixing chamber. 

In step twelve, valve 110, 111 are off, i.e.. port 
200 Is closed, port 201 is open allowing flow, port 
202 is closed and port 203 is open allowing flow so 
that drain and discharge of the mixing chamber by 
the peristaltic pump can occur while 300 microliters 
of buffer can be retoaded from the buffer bottle 
through lines 121 and 112 into the pump as the 
pump volume is displaced by cnovement of the 
plunger 21. FIGS. 2-5 illustrate a positioning of the 
pistons during the various steps in the process. * 

In step thirteen, buffer is pushed into the mix- 
ing chamber, as for example 300 microliters, by 
moving the piston 21 upwardly with both valves 
110 and 111 open. i.e.. port 200 open to flow, port 
201 closed, port 202 open and port 203 closed. 

The mixing chamber 100 of the prefenred sys- 
tem is a stationary chamber open to the atmo- 
sphere. It is cylindrical in shape with a round 
circular or sectional bottom. A bottom most position 
outlet circular passageway allows emptying of the 
chamber. An off center inlet tube 152 as shown in 
RGS. 7 and 7A provides for mixing incoming liquid 
with liquid within the chamber by introducing a 
stream of incoming liquid off the center axis of the 
chamber to thereby cause a swirling vortex of 
liquid in the chamber (use dotted anrows 153). In 
the preferred embodiment the chamber has a di- 
ameter of 0.312 inch and the inlet has a diameter 
of 0.031 inch and enters the chamber side at an 
offset of 0.085 inch, i.e.. it enters the chamber at 



the center point of a radius of the chamber at an 
angle of 90 degrees to the radius. 

While specific embodiments of the invention 
have been shown and described, many variations 

5 are possible. Dosages of various materials can be 
made In different measured quantities, the specific 
amounts can vary greatly, as will be obvious to 
those skilled in the art By replacing the cylinders 
within the pump of this invention, and varying the 

10 diameters thereof, varying outputs from the pump 
can be achieved. The pump can be used in various 
environments for measuring different size amounts 
of fluids. 

In some cases, the pistons need not be axially 
7S aligned, but are preferably positioned to be con- 
trolled by a single motor. In other cases, two or 
more separate different diameter (not shown) pis- 
tons are mounted in a defined volume chamber to 
reciprocate independently of one another to meter 
20 more than one dose from the chamber. So long as 
the pistons have different volumes they have ad- 
. vantage to displace different fluid volumes from the 
pump and they can be activated by independent 
motors for each piston. 
25 Preferably, the pistons react to movement of 

one another at least during some portion of their 
travel. 

In the preferred embodiment using the dis- 
placement method in the preferred displacement 
30 pump, two plungers are used, however, three or 
more plungers can be used. The top plunger has a 
diameter of 0,2500 Inch and is spring loaded with 
the bottom plunger having a diameter of 0,2560. 
The movement is accomplished up and down, by a 
35 lead screw and anti-backlash , nut in accordance, 
with a conventional linkage, although any linkage, 
can be used as known in the art. The jead screw is 
preferably rotated by a 1.8 '/step stepper motor. 
The total stroke of the lead screw can be approxi- 
40 mately 1.6 Inch. The bottom plunger when moved 
all the way up to its top most position, which Is the 
home position for the pump, (a reference point for 
the stepper motor using an optomechanical flag to 
reference the top position of the plunger). This is a 
45 sampling position as shown in FIG. 2. At this posi- 
tion when the bottom plunger is moved down by a , 
stepper motor through the lead screw, the top 
plunger will follow the bottom plunger because it is 
spring loaded and the spring force is much greater 
so than the frictlonal force of the seal rubbing against 
the plunger. When the two plungers move as one. 
the displacement or aspiration of the fluid in the 
chamber will depend on the following conditions: 
1. The diameter of the bottom plunger; 
55 2. The diameter of the top plunger; 

3. The distance moved down by the plunger; 
In this case, the diameter of the bottom plunger 
is bigger than the diameter of the top plunger so 
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when the two plungers move down as one, the fluid 
IS aspirated into the chamber as a vacuum is 
created. The volume of fluid aspirated will be 
(TrRi^^Ra^ X the distance moved downward). 

To pick up 10 microliters of fluid, the two 
plungers will have to move as one for 0.250 inch. 
This resolution is equivalent of that of a commer- 
cially available Hamilton 100 microliter syringe 
pump. 

When it is time to pick up reagent, the bottom 
plunger can be moved down so that it is no longer 
in contact with the top plunger. The top plunger 
has a stop at the end of its stroke. When the two 
plungers are no longer in contact and the bottom 
plunger is moved down, the volume displaced in 
the chamber will be equivalent to irRi^x the dis- 
tance moved down, which will be very large when 
compared to the volume displaced when the two 
plungers move as one. To aspirate 500 microliters 
of reagent, the plunger will have to move approxi- 
mately 0.60 inch. This resolution will be equivalent 
to the resolution of a commercially available 2000 
microliter syringe. 

To displace the reagent and sample, the plung- 
er will have to be moved up separately or together 
as one, as necessary. The particular pump of the 
preferred embodiment was designed to have a 
stroke of 0.62 inch for sampling and another stroke 
of one inch for reagent 

One can accurately aspirate a very small quan- 
tity of sample and dilute it with a much larger 
quantity of reagent by proper selection of piston 
diameters. The piston diameters ar« preferably 
constant or at least their cross section moving 
within the chamber is constant. The right combina- 
tion of diameters and stroke length will provide any 
desired mixing proportion desired. 

While the pretended embodiment is shown, vari- 
ations can be made in the system as well as the 
specific components of the pump. The mounting 
mechanism for the two pistons can vary greatly as 
can the dimensions. Although the system prefer- 
ably has two ports as shown, one or more valves 
can be used as can three-way valves and the like. 
The pump can t^e used at a number ot applications 
in a number of different system arrangements of 
valves and tubing as will be obvious to one skilled 
in the art 

It can be seen from the above that the present 
pump can be used to meter different quantities of 
sample and reagent or buffer. The invention can 
replace the need for two separate syringes or dis- 
placement pumps. The unique two pumps in one, 
design can cut hardware cost and also avoids an 
excessive priming cycle unlike in conventional 100 
microliter pumps where often the syringe has to be 
removed and manually primed to rid the system of 
air bubbles. 



The displacement pump of this invention can 
be used for metering a sample in diluent or reac- 
tant as in biological analysis as when testing glu- 
cose, creatinine, cholesterol or other blood or body 

5 fluid concentrations. However, mixing a predeter- 
mined amounts of two fluids as when making up a 
dosage form for industrial uses where a small 
amount of one fluid is to be diluted in another fluid 
as for example amounts up to 1 millimeter to be 

10 diluted in amounts of 1 to 100 times or more of a 
diluent Similariy, medicinal components can be 
admixed using the differential pump of the present 
invention. The various components can vary great- 
ly. The pistons can be square, irregular shaped or 

75 round, solid or semi-solid materials can be used. 
The various seals and interconnection of the parts 
to move the pump may also vary as is known to 
those skilled in the mechanical arts. In some cases, 
rather than have a single piston move in conjunc- 

20 tion with a second piston, and having one piston 
stop movement while the second piston continues 
its movement, the pistons can be arranged so that 
the second piston slides into the body of the first 
piston as the first piston moves towards the second 

25 piston. This is in fact a reversal of elements and 
would accomplish the function and should be con- 
sidered within the scope of this invention. 



30 Claims 

1. A multi-mode, differential displacement 
. pump for obtaining two different measured dos^s 

with high resolution. 

35 said pump comprising a first elongated chamber 
carrying first and second pistons therein, 
said first piston defining a first volume being recip- 
rocally mounted in said chamber, 
said second piston defining a second volume being 

40 reciprocally mounted in said chamber. 

and means for reciprocating said plungers as de- 
sired to obtain predetermined volume changes cor- 
responding to movement of either or both of said 
first and second pistons, whereby said volume 

45 changes can provide for said two different doses. 

2. A multi-mode, differential displacement 
pump in accordance with claim 1 wherein said two 
pistons are axially aligned and moveable together. 

3. A multi-mode, differential displacement 
50 pump In accordance with claim 2 wherein said two 

pistons define two different diameters and are seah 
ed at outlets to said chamber. 

4. A multi-mode, differential displacement 
pump in accordance with claim 3 wherein said first 

65 piston defines a smaller diameter than said second 
piston and said first piston is spring loaded against 
an end of said second piston. 

5. A multi-mode, differential displacement 
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pump In accordance with claim 3 wherein at least 
one of said seals are static sliding seals. 

6. A multi-mode, differential displacement 
pump in accordance with claim 4 wherein at least 
one of said seals are static sliding seals and said 
second piston is linl<ed to a motor for moving iDOth 
of said pistons. 

7. A multi-mode, differential displacement 
pump in accordance with ciaim 1 wherein said 
second piston is linked to a motor for moving both 
of said pistons. 

8. A multi-mode, differential displacement 
pump in accordance with claim 7 wherein said first 
and second piston are axially aligned and movea- 
ble together for one portion of travel with said 
second piston being moveable after movement of 
said first piston ceases. 

9. A niutti-mode. differential displacement 
pump in accordance with claim 8 wherein said 
second piston is mounted on a carrying plate 
moveable by a stepper motor and lead screw ar- 
rangement. 

10. A multi-mode, differential displacement 
pump in accordance with claim 9 and further com- 
prising said first piston being spring loaded and 
biased against an end of said second piston for 
travel therewith during a portion of travel of said 
second piston. 

11. In a liquid displacement pump for displac- 
ing a first measured dose and a second measured 
dose, the improvement comprising first and second 
pistons of different volumes being mounted for 
movement within a defined volume chamber 
whereby movement of a first piston causes mea- 
surement -of a. first dose and movement of said 
second piston causes measuremient of a second 
dose. ' 

12. A pump in accordance with claim 11 
wherein said pistons are axially aligned and of 
different diameter, 

^ 13. A pump in accordance with ciaim 12 
wherein a stepper motor is linked to one of said 
pistons for actuation thereof and actuation of a 
second of said pistons through said first mentioned 
piston. 

14. A pump in accordance with claim 12 linked 
to a mixing chamber through a fluid patii. 

said mixing chamber comprising a generally cylin- 
drical portion having a rounded bottom, 
a passageway leading into said bottom and offset 
with respect to a central axis of said chamber 
whereby fluids pass to said chamber tiirough said 
passageway to create a swirling vortex within said 
chamber. 

15, A mixing chamber in accordance with claim 
14 wherein said passageway is interconnected with 
a fluid displacement pump for obtaining two dlf- 

. ferent measured doses with high resolution. 



18. A method of metering a measured amount 
of a first fluid Into a measured amount of a second 
fluid comprising. 

confining a fluid witi^in and fitting a first chamber of 
5 defined volume, 

mechanically moving a predetermined volume of a 
displacement solid into said defined, chamber vol- 
ume to displace a first measured amount of fluid 
therefrom. 

10 mechanically moving a second defined volume of a 
displacement solid Into said defined chamber vol- 
ume to displace a second volume therefrom dif- 
ferent from said first volume whereupon said first 
and second volumes can be mixed in predeter- 

75 mined proportion. 

17. A method In accordance with the method of 
claim 16 wherein said first and second solids are in 
the form of first and second pistons having defined 
diameters with one diameter smaller than a second 

20 diameter and said chamber is filled with fiuid in the 
fornS of a liquid. 

18. A method in accordance with the method of 
ciaim 17 wherein, said first piston is axially aligned 
vyith said second piston and reciprocally moveable 

25 therewitii to a first position; 

and said first piston is further mounted for move- 
ment to a second position without movement of 
said second piston. 

19. A method in accordance with the method of 
30 claim 16 and further comprising said first and sec- 
ond solids being moved into said defined chamber 
volume while urging said first mentioned displace- 
ment solid against said -second mentioned dis- 
placement solid and thereafter discontinuing move- 

35 ment of said first jT^entioned displacement spli^ 
while continuing rinovement .of said second men- 
tioned displacement solid. . 

20. A method in accordance with the method of 
claim 19 wherein said first and second displace- 

40 ment solids are In tiie form of first and second 
pistons which are axially aligned with each other, 
and one of said pistons is spring loaded into en- 
gagement witii and end of the other of said pistons. 

21 . A method in accordance with the method of 
45 claim 20 wherein said chamber Is filled with a 

liquid and first and second defined doses removed 
from said chamber are used to define first and 
second corresponding doses of two selected ma- 
terials which are intermixed with each other in a 
50 mixing area. 

22. A method In accordance with the method of 
claim 21 wherein said first and second doses com- 
prise a biological sample and a dilutent which are 
mixed In said mixing area and passed to a testing 

55 apparatus for analysis. 

23. A method in accordance with the method of 
claim 22 wherein said biological sample is sepa- 
rated from anottier liquid by an airspace prior to 
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passage to said mixing area. 

24. A multi-mode, differential displacement 
pump for obtaining two different measured doses 
with high resolution, 

said pump comprising a first chamber carrying first 
and second dimensioned soiid bodies therein, 
said solid bodies being arranged for movement of 
at least one of said bodies with respect to said 
other body to cause displacement of a first and 
second volume from said chamber, 
said displacement occurring by interaction of said 
solid bodies one of which Is mounted for move- 
ment independently of the other. 

25. In a method of mixing a body fluid sample 
in a mixing chamber to dilute said sample with a 
diluent, wherein a hollow tubular probe carries said 
sample to said chamber, 

the improvement comprising holding said sample 
in said probe with said probe in said chamber, 
immersing said probe in a diluent within said 
chamber, 

and removing said last mentioned diluent before 
said sample is deposited In said chamber for dilu- 
tion. 



30 



35 



40 



45 



SO 



55 



8 

BNSOOCID: <EP p349264A2_l-.> 



10 



75 



20 




BNSOOCID: <EP Q349264A2_I_> 



Ngu eingeroicht / Ns 
Nouv3ll3nnent de| 



EP 0 349 264 A2 



• ••• •I*^ ♦ if 



9 9» « 
4 • 
• 9 

9 

• • • 




BNSDOCID: <EP q349a6W_l_> 




BNSCXXiO: <EP a34e264A2_U> 




BNSDOCID: <EP. 



0349264A2_I_> 



EP 0 349 264 A2 



100' 






r-H 
1 

1 


151 






season \ 



DILUTiOH BLOCK 



SAme, 

IS3 



REACTOR 




PERISTALTIC 
PUMP 




WASTE 1 



FIG. 6 



'100 



FIG. 7A 




BNSCXXJID: <EP ^0348264A2J_: 



THIS PAGE BLANK (uspto) 



i 



0 



® 




Eurojsalsches Patentamt 
European Patent Office 
Office europ6en des brevets 



0 Publication numt>er: 



0 349 264 

A3 



EUROPEAN PATENT APPLICATION 



0 Application number: 89306508.6 
@ Date of filing: 27.06.89 



©int.Ci.5:F04B 13/02, A61M 5/14 



<g) Priority: 29.06.88 US 213169 

@ Date of publication of application: 
03.01.90 Bulletin 90/01 

® Designated Contracting States: 

AT BE CH DE ES FR GB GR IT LI LU NL SE 

® Date of deferred publication of the search report: 
0&0a90 Bulletin 90/32 



0 Applicant: APEC, INC. 
35 Cherry Hill Drive 
Danvers Massachusetts 01923(US) 

@ inventor Qureshi, Humayun 
77 East Plain Street 
Wayland Massachusetts 01778(US) 
Inventor: Liffmann, Stanley M. 
4 Fislce Road 

Andover Massachusetts 01810(US) 
Inventor: Czaban, John D. 
4 Ducic Pond Road Unit 202 
Beverly Massachusetts 01915(US) 

0 Representative: Woodward, John Calvin et al 
VENNER SHIPLEY & CO. 368 City Road 
London EC1V 20A(GB) 



0 Multi-mode differential fluid displacement pump. 

0 A multi-mode, differential fluid displacement 
pump (10) provides for at least two different mea- 
sured doses. The pump has a chamber in which are 
mounted a first diameter piston (21) and a second 
diameter piston (24) defining first and second vol- 
umes for reciprocation in the chamber. Means are 
provided for reciprocating the pistons as desired to 
obtain predetenmined volume changes con-espond- 
ing to movement of either or both of the first and 
second pistons (21 . 24). A system of operation and a 
CO mixing chamber (100) useful in connection with dos- 
<ages from the pump (10) are interconnected with the 
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